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ABSTRACT

This contribution presents an overview and firstutes of
the recently started German Reanalysis Project.oveeall
vision of the project is to develop a self-congiste
assessment and analysis of regional climate in &syrand
Central Europe over the past decades using theatqesl

decade, a number of such retrospective analyses, .
reanalyses, have been created on a global basiBl@EP-
NCAR reanalysis dataset NNR (1948-present), thefaan
Centre for Medium Range Weather Forecasting (ECMWF)
Reanalyses ERA 40 (1957-2002) and ERA Interim (1989
present). In contrast to global products, regiaeanalysis
products with grid sizes < 30 km are comparablg.rar

NWP model COSMO from the German Weather Service

(DWD). An important part of the project includeseth
extensive validation and quality control of the nalgsis
product. Therefore,
observational networks are used as well
observations. In order to compare the reanalysisubwvith
microwave observations in the observational spacective
and passive microwave forward operator has beeelojged
and applied to the first reanalysis test monthstRiesults of
an analysis with special focus on the influencehef latent
heat nudging scheme on water cycle and cloud steictre
presented.

Index Terms— Regional Reanalysis, Atmospheric
Remote Sensing, Latent Heat Nudging

1. INTRODUCTION

A precise, comprehensive, and self-consistent aisadf the
past climate system state is a requirement ford&tection
and attribution of regional climate change and eghsnt
measures of mitigation and adaptation strategies. tO the
complexity of the climate system and vast diffeesndn
quality and availability between monitoring systentise
problem of providing a detailed picture of pastndie
variability, especially on comparably small regibsaales,
is far away from being solved. A homogeneous agghlfi
resolved gridded data set is a prerequisite foast field of
applications and research projects and hence é&uydart
challenge facing the community at large. Retrospect

2. THE GERMAN REANALYSIS PROJECT

data from various ground-basedhe German Reanalysis Project is the first pha€d12
as satellit?t014) of the joint project Retrospective Analysi$ o

Regional Climaté for use in Climate Change Analysis
funded through the Hans-Ertel-Centre for Weatheseldech
programme (HErZ). The overall vision of the projéctto
develop a self-consistent assessment and anafysgional
climate in Germany and Central Europe over the past
decades at appropriate spatial and temporal résadutit
encompasses the synergetic use and assimilatibetefo-
geneous monitoring networks, including historicédtion
data and satellite data, to construct state-ofatheegional
reanalysis datasets for Germany and Central Eueomk
their evaluation. The regional reanalysis is basedthe
numerical weather prediction model COSMO with hori-
zontal grid spacings of 7 and 2.8 km resolutionjtas in
operational use at DWD. Two different versions bé t
reanalysis focus on the comparably short time frafrigve
years with the maximum amount of observation datd a
nested into ERA-interim, and the past decades with
reduced data basis, in order to aim at more honemen
time series than typically available in long-tereamalyses.
The reanalysis project will provide a quality-carieed and
homogenised data set as a basis for the detectidn a
assessment of regional climate change in pastwndef for
the statistical post-processing of operational dasts, for
the analysis of systematic model errors of theaetsype

analyses of the atmospheric state provide a vaduabl

resource in climate research and applications. @hepast

! http://mww.herz-tb4.uni-bonn.de/



2007-06-16 - 04 UTC

GOSMO-DE - w/o LHN

Figure 1. Synthetic MSG-SEVIRI brightness temp-
eratures for the 10.8 um channel simulated using th
RTTOV forward operator for 16 ™ June 2007, 04 UTC
based on COSMO-DE with LHN (left) and without LHN
(right). The true MSG observation is shown in the
middle.

regional model, and for verification and -calibratiof
impact models such as hydrological models.

3. VALIDATION AND QUALITY CONTROL

Synergetic evaluation of the reanalysis makes usea o
multitude of independent, i.e. not assimilated d@tEn
gauges, radar, micro rain radar, ceilometer netwbith-
resolution radio soundings, GPS network for integga
water vapor) available by the General Observatieriod
(GOP) during 2007/08 [1]. In addition to those grdu
based networks a major focus will lie on observatiom the
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Figure 2: Upper panel: PAMTRA simulations of passie
microwave brightness temperatures (TB, color scalejt
150 GHz for a space-borne sensor. The reanalysi®lffis
for the simulation are from 16" June 2007, 04 UTC with
operational LHN (left) and without LHN (right). The
actual AMSU observations at 03:40 UTC are shown in
the lower image. Note that the simulations are bageon

infrared made by the SEVIRI instrument on board thghe cOSMO-DE model resolution and are not averaged

Meteosat Second Generation (MSG) satellite as wasll
microwave radiances provided by passive satelbtesars.
The assimilation of microwave radiances as obsetwed
polar orbiting satellites currently builds the bals&ne of
operational data assimilation for global modelswieer,
the information is generally limited to humidity dan
temperature in clear sky situations. Because miavew
observations are also strongly affected by clouds a
precipitation, the use of this information is higldesirable,
but is complicated to incorporate as scatteringaaticles of
different size and shape needs to be accountedSfoce
passive satellite observations are not assimilatedhe

onto the AMSU footprint.

Comparisons of numerical weather prediction models
coupled to an explicit radiative transfer model hwit
observation from the Advanced Microwave Soundingt Un
(AMSU) have shown encouraging results [3] and the
superiority compared to RTTOV [4]. Within the refisis
project a forward operator for passive and activerowave
observations (PAMTRA) has been developed. PAMTRA
extends the widely used RT3 model [5] by an active
component in order to be able to simulate radarembs

COSMO model they can be used as independent data féations, e.g. cloud radar observations from theuG&at

validation.

4. PASSIVE AND ACTIVE RADIATIVE TRANSFER
OPERATOR PAMTRA

State of the art attempts to include precipitatidarmation
rely on a relatively simple treatment of scatterdfifgcts like
those implemented in the fast Radiative Transfedehdor
TOVS (RTTOV) [2].

satellite. PAMTRA is designed in a very modular wayich
allows for including the most recent scatteringatdatses for
frozen hydrometeors or different absorption modfs
super-cooled liquid water [6] [7]. The implemented/snow
particle habits currently include spheres, spharaglwell as
a number of realistic ice particles such as hexagplates,
columns, rosettes or dendrites [8]. Additionallgrticle size
distributions of all hydrometeors can be explicitlgfined
which enables PAMTRA to run with microphysical
assumptions consistent to the COSMO model micrapdys



used in the reanalysis. The implementation of werio
microphysical assumptions also allows for estintatihe
uncertainty which is introduced by the differensasptions.
This is particularly important for the interpretati of the
model-observation comparisons.

5. FIRST APPLICATION OF PAMTRA AND
VALIDATION DATA TO REANALYSIS

In preparation of the five year short time reanialyseriod
several tests have been performed for the monta 2007
to ensure the proper configuration of the reanslggstem.

The COSMO-DE model settings (2.8 km for Germany)-

include a latent heat nudging (LHN) scheme, whiltbmes
for assimilation of weather radar network data itie
model to enhance the analysed precipitation fieltie. LHN
scheme forces the model to adjust the precipitafield
according to the radar observations by changingllipthe
latent heat profile. The model has been run wiffedint
increments of LHN ranging from completely disablgdN
to the operational LHN scheme.

improvement of the predicted precipitation with LHRhe

maximum RMSE for the test month over the entire ehod *

area decreased from 0.07 mm/h to 0.04 mm/h byrtgrttie
LHN on to the operational settings. Though, LHNmgdo

be beneficial on the precipitation field, it hamsilerable
effect on the cloud field. Figure 1 shows an exagdl the
synthetic satellite images generated by RTTOV ushey
COSMO-DE reanalysis for enabled/dis-abled LHN thget
with a true satellite image from MSG-SEVIRI. Theeoall

structure of the clouds is well represented in CQBEDE

but too many high clouds are produced — which isistent
to former studies [9]. In the LHN case small sceleud

structures appear over north to north-east Gernmiahgse
structures represent local thunderstorms whichtraggered
by the LHN. They are artificially created and dd appear
in the MSG image. While they have been found tami®ar
with increasing forecast time, these effects cdelad to
biases in the reanalysis product. More detailedistu

Comparisons  witr
independent rain gauge measurements exhibit a cle _»
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Figure 3: Radar reflectivity profiles (Ze) at 94 GHz as
function of latitude and height (km) for 16" June 2007
(00 UTC). Upper panel: CloudSat radar observations
and collocated cloud top information from the space
borne lidar onboard Calipso (white dots). The
orography is indicated by the strong surface
backscattering signal (dark red line). The CloudSat
overpass was from south-west to north-east across
Germany. Middle panel: PAMTRA simulation for the
same track as CloudSat based on the reanalysis witht
LHN. Lower panel: Same as middle panel but with
operational LHN. Note that for the PAMTRA

revealed that a slight decrease of LHN (to 75%) camimulations only frozen hydrometeors have been

significantly reduce the number of local thundeuds and
their impact on the number of very high (cold) dewvhile
the improvements in the precipitation field areyoslightly
affected.

Similar studies on LHN have been performed applyin

PAMTRA to the reanalysis output and comparing #&ults
to observations (Figure 2). In a cloud—free caggassive
satellite sensor receives the thermal emissionhefdarth
surface and the atmosphere. The received inteissiiyually
expressed as brightness temperature (TB). Cloudtsioing
large ice particles and snow lead to
depression) due to scattering of the upwelling rifar
emission out of the line-of-sight by the frozen tometeors.

considered and that CloudSat observations (footprinl.2
km) are not averaged onto the COSMO-DE grid (2.8
km).

The relatively thin ice clouds in the north-eastgpbrt of

gGermany (see also the satellite image in Figureordly

produce a weak TB depression while several thutatens
systems can be identified containing large amoohtozen
hydrometeors and thus producing significantly lowér. A

comparison of the cases with LHN turned on andefeals

lower TB (TBthat the LHN triggers convective cells containireyylarge

amounts of frozen hydrometeors. Overall, the cldietd
becomes more fractioned with LHN. The passive miene
observations are thus an important complementadviBG



observations in the infrared since they providerimation
about the ‘thickness’, i.e. the total hydrometeontent of
the cloud.

In order to further explore the vertical structukthe
cloud system, simulations have also been perfoffiored 94
GHz cloud radar (Figure 3). The CloudSat and calied
Calipso lidar observations reveal a large-scaleipitation
system including intense convection with large loyadeteor
contents reaching the tropopause. For the activiel HRA
simulations we concentrated on the areas abovendtting
layer since the radar signal below the melting fdaige
significantly more affected by attenuation. Comparfirst
the simulations with observations, the precipitatystem is

found to be well captured by the model. The sinmdat

values for radar reflectivity are slightly higher the model
simulations but are still in the range of the olsatons. As
already found in the MSG observations, the ovearegton
of high ice clouds in the model is evident. Thedations
for LHN-on/off reveal the vertical structure of thsnall-
scale plumes that have been identified in Figurand 2.
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